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Descriptlo n 

[0001] The most common way of measuring a pa- 
tients temperature is by use of a sublingual thermome- 
ter, that is, one placed underthe tongue. Such thermom- 
eters have suffered several disadvantages. Accuracy of 
a reading depends on the mouth remaining closed and 
the thermometer being properly positioned under the 
tongue, Dri nklng liquids or breathing through the mouth 
prior to taking a measurement can affect the reading. 
Further, the mouth is a source of mucous which presents 
a significant risk of cross-contamination. Also, the cost 
per reading of such instruments has typically been high. 
[0002] One type -of sublingual thermometer is the 
common mercury thermometer, Such thermometers 
have the disadvantage of taking a considerable amount 
of time to reach a steady state temperature in order to 
provide an accurate reading, Further, they are easily 
broken, require sterilization, and are difficult to read. 
[0003] As an alternative to the mercury thermometer, 
disposable liquid crystal thermometers are often fa- 
vored. As a disposable item, the sterilization require- 
ment is eliminated, but the cost per reading is high. 
[0004] To decrease the time required to obtain a pa- 
tients temperature, electronic thermometers have been 
developed. Such thermometers typically include a ther- 
mistor which may be positioned in a disposable cover. 
Although the thermometers do not reach a steady state 
temperature during their measurement time of 15 to 30 
seconds, through electronic interpolation a steady state 
temperature may be estimated from the temperature 
readings throughout the 15 to 30 seconds, The ther- 
mometers are often cumbersome, and as with other 
sublingual thermometers the temperature readings may 
be unreliable in certain circumstances, especially when 
the probe Is not precisely placed underthe tongue, 
[0005] Another electronic temperature device Is a 
tympanic temperature measurement device. Such de- 
vices rely on a measurement of the temperature of the 
tympanic membrane area in the ear by detection of in- 
frared radiation. The tympanic membrane area is often 
considered to be more representative of a patient's core 
temperature, and infrared temperature measurements 
using a thermopile are extremely rapid. Disposable 
sleeves may be placed over the radiation detector. A 
commercial tympanic temperature measurement de- 
vice Is Illustrated In US-A-4,602,642 to O'Hara et al. As 
suggested in that patent, the Infrared detection ap- 
proach does present demands on the instrumentation 
to avoid inaccuracies due to ambient temperature and 
spurious heat flux to the thermopile, 
[0006] A method of measuring body temperature is al- 
so disclosed In US-A- 3,282,1 06, That method compris- 
es aiming an Infrared radiometer having radiation de- 
tecting means responsive to Infrared for radiations from 
a 300 K black body into a body cavity the surrounding 
tissues of which are isolated from environmental tem- 
perature changes and surround sufficiently to produce 



multiple reflections whereby the cavity, as a whole, ra- 
diates as a black body and reading temperature from 
the output of said radiometer. 

[0007] GB-1 425765 discloses a replaceable cap for a 
5 sensing- probe of an electronic device for measuring 
body temperature. 

[0008] EPrA-0092535 discloses a fever thermometer 
protector consisting of an expansible plastic film to 
which a dimenslonally stable backing means has been 
10 attached. 

[0009] EP-A-0201790 discloses a sanitary protective 
• cover or sheath for an ear canal probe of a tympanic 
thermometer. 

[0010] US-A-4784149 discloses a thermometer for 
15 measuring the Infrared radiation emitted from the tissue 
surface of a body cavity. 

[0011] WO 86/06163 discloses an electronic infrared 

thermometer having a pyroelectric sensor. 

[0012] The present invention relates to various fea- 

20 tures of a radiation detector which make the detector 
particularly suited, to tympanic temperature measure- 
ments without certain deficiencies of priortympanic tem- 
perature detectors. For example, the O'Hara et al. sys- 
tem relies on heating of the radiation probe to a precise 

25 temperature to maintain calibration of the device during 
a test. As a result, the instrument is not usable where 
the ambient temperature exceeds that precise temper- 
ature. Also, to assure proper calibration for each test, 
the .O'Hara et al. system uses a light chopper-type of 

30 calibration unit having a target heated to approximately 
36.67 (9B°F). Before each test, the thermopile in the 
probe Is calibrated as it views the chopper unit target. 
Once removed from the chopper, the temperature read- 
ing must be obtained promptly because the probe will 

35 cool after removal from the unit and thus introduce er- 
rors. This requirement for calibration i n the chopper unit 
prior to each temperature reading Imposes a rigid pro- 
tocol on the user which is more cumbersome than that 
of electronic thermometers. Further, the requirement for 

40 heating the target and the probe adds bulk and weight 
to the system. In practice, the temperature of greater 
interest to a medical practitioner is most often that of 
internal temperature, which has heretofore only been 
detected by Invasive means, The applicant tias recog- 

45 nlsed that the temperature of the tissue being viewed by 
a radiation detector is a function of that internal temper- 
ature and of the ambient temperature to which the tissue 
is exposed. Accordingly, the internal temperature can 
be determined by using ambient temperature to com- 

so pensate the actual tissue temperature . 

[0013] The present invention provides an ear temper- 
ature detector, comprising: a housing adapted to be held 
by hand; a probe adapted to be inserted Into an ear and 
for passing radiation from the ear to a radiation sensor; 

55 a temperature display on the housing for displaying ear 
temperature; and electronics in the housing for convert- 
ing radiation sensed by the sensor to temperature dis- 
played by the display; characterised in that the electron- 
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ics include a radiation peak detector such that a peak 
temperature is displayed with- rotation of the probe In an 
ear; the housing Is adapted to be held by hand; and the 
probe is an extension from the housing. 
[0014] The present invention still further provides a 
method of determining ear temperature, comprising the 
steps of: providing a radiation detector comprising an 
extension for passing Infrared radiation from ah external 
target to a sensor and electronics for converting the ra- 
diation sensed by the sensor to temperature; Inserting 
the extension into an ear; and detecting the radiation; 
characterised in that the method further comprises the 
step of pivoting the extension to scan an ear canal, the 
sensor sensing radiation during scanning, and deter- 
mining the peak radiation sensed by the sensor and con- 
verting the peak radiation sensed to a peak ear temper- 
ature. 

[0015] In accordance with one preferred aspect of the 
present Invention, a thermopile is mounted within a ther- 
mal mass and has a junction thermally coupled to the 
thermal mass. A thermally conductive, reflective tube Is 
coupled to the thermal mass for guiding radiation to the 
thermopile from an external target. A thermal barrier sur- 
rounds the thermal mass and tube. The temperature of 
the thermal mass, and thus of the thermopile cold junc- 
tion, is allowed to float with ambient. A temperature 
measurement of the thermal mass Is made to compen- 
sate the thermopile output. 

[001 6] Temperature differences between the tube and 
thermopile cold junction would lead to inaccurate read- 
ings. To avoid those differences, the large thermal mass 
minimizes temperature changes from heat which pass- 
es through the thermal barrier, and good conductivity 
within the mass Increases conductance and minimizes 
temperature gradients. The outer thermal RC time con- 
stant for thermal conduction through the thermal barrier 
to the thermal" mass and tube Is at least two, and pref- 
erably at least three, orders of magnitude greater than 
the inner thermal RC time constant for the temperature 
response of the cold junction to heat transferred to the 
tube and thermal mass. For prompt readings, the Inner 
RC time constant should be about 1/2 second or less. 
[0017] Preferably, the thermopile is mounted to a film 
suspended within a ring. The ring is supported on elec- 
trically conductive pins extended through an adjacent 
ring to the side of the film on which the thermopile is 
mounted. The film is spaced from the adjacent ring, and 
the rings and thermopile are surrounded by a low con- 
ductivity gaseous volume. Preferably, the low conduc- 
tivity gaseous volume extends through the length of the 
conductive tube. The space between the film and the 
adjacent ring through which the conductors extend is 
filled with thermally conductive material. 
[001 B] The thermopile may be mounted in a can which 
encloses the low conductivity gaseous volume. The 
thermal mass may comprise an annular member which 
surrounds the can and a length of the tube adjacent to 
the can. The annular member is tapered about Its outer 



periphery toward the tube. A conductive plug is posi- 
tioned behind the can within the annular member. The 
can, tube, annular member and plug are bonded togeth- 
er by high thermal conductivity material such as solder, 
5 epoxy, or powdered metal to obtain a continuous low 
resistance path from the end of the tube to the cold junc- 
tion of the thermopile. Alternatively, the parts may be 
press fit together to provide the high conductance bond. 
The thermal barrier comprises a sleeve spaced from the 
10 thermal mass and tube. The sleeve is tapered toward 
the end of the tube away from the can, 
[0019] A probe extension which supports the radiation 
sensor extends from a housing which displays the tym- 
panic temperature. This housing supports battery pow- 
15 ered electronics for converting radiation sensed by the 
sensor to tympanic temperature displayed by the dis- 
play. The entire instrument may be housed in a single 
hand-held package because a chopper calibration unit 
is not required. The small additional weight of the elec- 
20 tronics in the hand-held unit Is acceptable because 
readings can be made quickly. The readings can be 
made In less than five seconds, and preferably in less 
than two seconds. 

[0020] Preferably, the probe extension extends about 
25 orthogonally from an intermediate extension which ex- 
tends at an angle of about 1 5° from an end of the hous- 
ing. The surface of the extension curves outwardly along 
its length from Its distal end following a curve simllarto 
that of an otoscope. A sanitary cover in the form of a 
30 removeable plastic sheet may be stretched overthe end 
of the probe. The sheet may be retained on the probe 
by posts on the sides of the probe over which holes in 
the sheet are positioned. 

[0021] Many of the sheets can be formed In a tape of 
35 transparent, flexible membrane segmented Into individ- 
ual covers by frangible lengths across the tape. The 
holes adapted to retain the sheet across the probe are 
formed to each side of each frangible length. Reinforce- 
ment tape may be positioned on the tape, and the fran- 
co gible lengths may be formed as by perforations through 
the reinforcement tapes. In the present application, the 
membrane must be transparent to infrared radiation. 
The covers may be adapted to other measuring instru- 
ments by using membranes which are transparent, for 
45 example, to visual light, sound or the like. Polyethylene 
sheet is preferred for Infrared measurements. 
[0022] The electronics may Include an optical signal 
detector for receiving a digital input, and an electrically 
erasable programmable read only memory (EEPROM). 
so A processor is programmed to respond to Input from the 
optical signal detector to store information in the EEP- 
ROM andlo use the stored Information to respond to 
radiation and to drive the display. The processor may 
also be programmed to operate In a communications 
55 mode In which Ittransfers Information to an external op- 
ticail signal detector by modulation of the display. Com- 
. munications may be with an external computer through 
a boot which fits overthe display during calibration. 
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[0023] The information stored in the EEPROM may 
inciude calibration information. It may also establish a 
range and incremental response of the display to 
sensed radiation and other information which character- 
izes the personality of a particular unit. For example, the 
information stored in the EEPROM may determine 
whether the display is in degrees Fahrenheit or degrees 
centigrade. That information may be controlled by a 
switch to which the processor responds, The system 
may include a sound source, and the stored Information 
may determine the timing at which the sound source is 
activated, For example, the stored information may 
cause the display to be locked to a reading a predeter- 
mined time afterthe radiation detector is turned on, and 
the stored information may cause the sound source to 
be activated when the display is locked. Similarly, the 
stored information may cause the radiation detector to 
be turned off after a predetermined time and cause the 
sound source to be activated as the radiation detector 
is turned off. Alternatively, the stored Information may 
cause the display to indicate the peak radiation sensed 
during a period of time and may cause the sound source 
to be activated when radiation sensed by the sensor ap- 
proximates the peak, 

[0024] The Information stored in the EEPROM causes 
a conversion from sensed tympanic temperature to a 
temperature which approximates core temperature and 
that approximated core temperature is displayed. The 
processor may also perform conversions based on lin- 
ear approximations, and the stored information may es- 
tablish the end points and slopes of the linear approxi- 
mations. For example, a linear approximation may be 
used to determine ambient temperature from a thermis- 
tor output or to determine target temperature from a 
thermistor output and a thermopile output. 
[0025] The electronics support a simple watchdog op- 
eration associated with the on switch to the unit. An ac- 
tive device is turned on by the switch to apply power to 
the electronics. A capacitor stores, for a limited time, a 
charge which holds the active device after release of the 
switch. The processor is programmed to periodically 
charge the capacitor after power is applied through the 
active device. Failure of the processor to follow a pro- 
gram routine results in discharge of the capacitor and 
turning off of the active device on the radiation detector. 
The switch may also be coupled directly to. the processor 
so that the processor may respond to actuation of the 
switch afterthe radiation detector is turned on for other 
functions. 

[0026] Preferred embodiments of the present inven- 
tion will now be described hereinbelow by way of exam- 
ple only with reference to the accompanying drawings. 
[0027] In the accompanying drawings like reference 
characters refer to the same parts throughout the differ- 
ent views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the 
principles of the invention. 

[0028] Fig. 1 illustrates a radiation detector for tym- 



panic temperature measurements in accordance with 
the present invention. 

[0029] Fig. 2A Is an Illustration of a disposable sheet 
for covering a probe of the detector of Fig. 1 ; Fig. 2B is 
s an Illustration of a tape of the disposable sheets of Fig. 
2A; Fig. 2C is a perspective view of a carton containing 
a stack of the sheets/formed by a z fold of the tape of 
Fig. 2B; and Fig, 2D is an Illustration of a roll of such 
sheets. 

10 [0030] Fig. 3A Is a side Illustration of the sheet of Fig. 

2A pulled over the probe of the radiation detector of Fig. 

1 ; and Fig. 3B is a view of the sheet over the probe as 

viewed from line B-B of Fig. 3A. 

[0031] Fig. 4 is a cross-sectional view of the exten- 
15 sions of the detector of Fig. 1 in which the thermopile 

radiation sensor Is positioned, 

[0032] Fig. 5 is a cross-sectional view of the .thermo- 
pile assembly of Fig. 4. 

[0033] Fig. 6 is a block diagram of the electronic circuit 
so of the detector of Fig. 1 . 

[0034] Fig. 7 illustrates a boot positioned on the de- 
tector of Fig. 1 during a calibration procedure, 
[0035] Figs. BA-BD are flow charts of the system 
firmware. 

25 _ [0036] The radiation detector 12 of Fig. 1 includes a 
flat housing 14 with a digital display 16 for displaying a 
tympanic temperature measurement. Although the dis- 
play may be located anywhere on the housing, it is pre- 
ferred that It be positioned on the end so the user is not 

30 inclined to watch It during a measurement. The instru- 
ment makes an accurate measurement when rotated to 
scan the ear canal, and the user should concentrate on 
only the scanning motion. Then the display can be read . 
A thermopile radiation sensor is supported within a 

35 probe 1 B at the opposite end of the housing 1 4. The ex- 
tension 18 extends orthogonally from an intermediate 
extension 20 which extends at an angle of about 15 de- 
grees from the housing 1 4. As such, the head of the de- 
tector, including the extension 18 and 20, has the ap- 

40 pearance of a conventional otoscope. An on/off switch 
22 is positioned on the housing. 
[0037] A cross-sectional view of the extension of the 
detector is Illustrated in Fig, 4. A base portion 22 is po- 
sitioned within the housing 14, and the housing clamps 

45 about a groove 24. As noted, the portion 20 extends at 
about a 1 5 degree angle from the housing and thus from 
the base portion 22. The extension 1 8 is tapered toward 
Its distal end at 26 so that It may be comfortably posi- 
toned in the ear to view the tympanic membrane and/or 

so ear canal. 

[0038] A preferred disposable element to be used 
over the extension 18 is Illustrated in Fig. 2A. It is aflat 
sheet 42 of 0.01 27 mm (one-half mil) stretchable plastic 
such as polyethylene which is transparent to infrared . 

55 Reinforcement sheets 44 and 46 are provided at each 
end of the plastic sheet, and holes 48 and 50 are pro- 
vided In the reinforced regions. The flat sheet may be 
stretched over the distal end of the extension 1 8 and 
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pressed over retainers such as pins 52 and 54 protrud- 
ing from the sides of the extension 18 as illustrated In 
Fig. 3A and 3B. Alternatively, a material to which poly- 
ethylene adheres may be provided on the probe to retain 
the sheet. Although the flat sheet does not provide a 
close fit to the sides over the full length of the extension 
1 B , It Is sufficiently stretchable to form a neat jit, at the 
end of the extension and is sufficiently flexible that It 
bends and causes no discomfort to the patient when the 
extension is seated in the ear. 
[0039] The reinforcement sheets 44 and 46 serve as 
tabs which extend beyond the probe. Those tabs can 
be readily graspsdfor positioning the sheet on the probe 
and removing the sheet from the probe. Although the 
disposable cover could be formed without the reinforce- 
ment sheets, the stiffen reinforcement sheets make the 
disposable cover much easier to handle. 
[0040] The diameter of the end of the probe is about 
9.525 mm (3/B Inch), and the sheet 42 is about 50.8 mm 
(two Inches) wide so that It folds over the probe end 
when stretched. The distance between the holes is 
about 114.3 ma (4% inches) and that distance requires 
about 3. 1 75 mm (1/B inch) stretching of the sheet so se- 
cure It on the probe. 

[0041] The edge at the end of the probe is rounded 
so that when the probe is inserted into the ear it can be 
rotated somewhat without discomfort to the patient. The 
probe is also curved ilke an otoscope to avoid interfer- 
ence with the ear. By thus rotating the probe, the ear 
canal is scanned and, at some orientation of the probe 
during that scan, one can be assured that the maximum 
temperature is viewed. Since the ear canal cavity lead- 
ing to the tympanic area is the area of highest temper- 
ature, the instrument is set in a peak detection mode, 
and the peak detected during the scan is taken as the - 
tympanic temperature. 

[0042] An infrared reading of tympanic temperature, 
as opposed to an electronic thermometer reading of oral 
temperature, allows for a very inexpensive disposable. 
The disposable need not be sufficiently rugged to pre- 
vent cutting by teeth and the resultant contamination as 
Is the case with an oral thermometer. 
[0043] Preferably, individual sheets are torn from a 
tape of sheets illustrated in Fig. 2B. Sheets are formed 
from a continuous tape of polyethylene. Adhesive tape 
is placed periodically along the tape to provide reinforce- 
ments. The tape is stamped to provide the levels at the 
ends of each sheet and to provide the holes 48 and 50. 
The reinforcement tape and polyethylene may be per- 
forated at 55 to facilitate tearing of individual sheets from 
the tape. 

[0044] As illustrated in Fig. 2C, the tape may be folded 
In a z-fold fashion to form a stack of the disposable 
sheets packaged in a carton 57. As each cover is torn 
off, another appears. Alternatively, the tape may be pro- 
vided In a roll as Illustrated in Fig, 2D. The roll may also 
be placed in a carton. In either case, the carton may be 
provided with adhesive so that it can be mounted to the 



side of the housing 1 4 in an approach like that used with 
electronic thermometers. 

[0045] As Illustrated in Fig. 4, a thermopile 28 is posi- 
tioned within a can 30 to view the infrared radiation in 

• 5 the ear canal through a tube 32. Both the base can 30 
and the tube 32 are in close thermal contact with a con- 
ductive thermal mass Including an annular member 34 
and a plug 36 of copper, The outer si eeve 38 of the ex- 
tension 18 and the Intermediate extension 20 are of 
10 plastic material of iow thermal conductivity. The sleeve 
38 Is separated from the thermal mass 34 by an insu- 
lating air space 40. The taper of the thermal mass 34 
permits the insulating space to the en d of the extension 
while minimizing the thermal resistance from the end of 

is the tube 32 to the thermopile, a parameter discussed in 
detail below. The Inner surface of the plastic sleeve 38 
may be coated with a good thermal conductor to distrib- 
ute across the entire sleeve any heat received from con-, 
tact with the ear. 0.508 mm (twenty ml Is) of copper coat- 

20 jng would be suitable. 

[0046] Details of the thermopile assembly within the 
can 30 are Illustrated in Fig. 5. The tube 32 and can cyl- 
inder 30 are soldered together to form an integral unit 
in which a gaseous medium of low thermal conductivity 

25 such as xenon fills the tube and cylinder 30 and sur- 
rounds a thermopile flake 2B. The tube is closed by a 
germanium window 57. The interior of the tube is plated 
with gold to improve its reflectance to better guide radi- 
ation to the flake. 

30 [0047] An alternative to forming the tube 32 and can 
30 as a single unit would be to use a conventional ther- 
mopile assembly with a window on the can and to posi- 
tion the waveguide tube in front of the can. However, to 
prevent contamination of the inner walls of the tube, a 

35 rigid window should be placed at the distal end of the 
tube. Two windows would diminish the radiation signal 
received by the thermopile. 

[0048] The thermopile is mounted to the rear surface 
of a polyester sheet 58 (sold under the trademark Mylar) 
40 supported on the rear surface of a beryllium oxide ring 
60. Contact to the thermopile is made through pins 62 
and 64 which extend through a stack of beryllium oxide 
rings 66. Beryllium oxide is used because it Is an elec- 
trical insulator yet a good thermal conductor. A case 
45 conductor 68 contacts the casing. Connection to the 
thermopile is by a conductive film printed on the sheet 
58. To prevent abrasion of that film, the ring 60 is usually 
spaced slightly from the adjacent ring 66. As noted be- 
low, good thermal conduction is important in implement- 
so ing the present invention, and It was found that the xe- 
non gas filling the gap significantly reduced the conduc- 
tion to the cold Junction of the thermopile. In accordance 
with one feature of the present invention, that space 70 
is filled with a conductive material. It is preferable that 
55 the material be filled with an epoxy of good thermal con- 
ductivity, but virtually any material offers a substantial 
improvement over the lack of conduction through the xe- 
non. 
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[0049] O ne of the design goals of the device was that 
it always be in proper calibration without requiring a 
warm-up time. This precluded the use a heated target 
in a chopper unit or heating of the cold junction of the 
thermopile as. was suggested In the above-mentioned 5 
O'Hara et al. patent. To accomplish this design goal, It 
is necessary that the system be able to operate with the 
thermopile at any of a wide range of ambient tempera- 
tures and that the thermopile output have very low sen- 
sitivity to any thermal perturbations. 10 
[0050] The output of the thermopile Is a function of the 
difference in temperature between Its warm junction, 
heated by radiation, and its cold junction which is in 
close thermal contact with the can 30, In order that the 
hot junction respond only to radiation viewed through is 
the window 57, it is important that the tube 32 be, 
throughout a measurement, at the same temperature as 
the cold junction. To that end, changes in temperature 
in the tube 32 must be held to a minimum, and any such 
changes should be distributed rapidly to the cold June- ' 20 
tionto avoid any thermal gradients. To minimize temper- 
ature changes, the tube 32 and the can 30 are, of. 
course, well insulated by means of the volume of air 40. 
Further, a high conductance thermal path Is provided to 
the cold junction. The tube 32 and can 30 are in close 25 
thermal communication with the thermal masses 34 ancL 
36, and the high conductivity and thickness of the ther- 
mal masses increase the thermal conductance. A high 
thermal conductivity epoxy, solder or the like joins the 
tube, can and thermal masses. The solder or epoxy pro- 30 
vides a significant reduction in thermal resistance. 
■Where solder is used, to avoid damage to the thermopile * 
which is rated to temperatures of 125°C, a low temper- 
ature solder of indium-tin alloy which flows at 100°C is 
allowed to flow into the annular mass 34 to provide good 35 
thermal coupling between all elements. 
[0051] The thermal resistance from the outer surface "' 
of the plastic sleeve 3B to the conductive thermal mass 
is high to minimize thermal perturbations to the Inner 
thermal mass. To minimize changes In temperature of *o 
the tube 32 with any heat transfer to the tube which does 
occur, the thermal mass of the tube 32, can 30, annular 
mass 34 and plug 36 should be large. To minimize ther- 
mal gradients where there is some temperature change 
in the tube during measurement, the thermal resistance « 
between any two points of the thermal mass should be 
low. 

[0052] Thus, due to the large time constant of the ther- 
mal barrier, any external thermal disturbances, such as 
when the extension contacts skin, only reach the con- so 
ductive thermal mass at extremely low levels during a 
measurement period of a few seconds; due to the large 
thermal mass of the material in contact with the cold 
junction, any such heat transfer only causes small 
changes in temperature; and due to the good thermal 55 
conductance throughout the thermal mass, any chang- 
es In temperature are distributed quickly and are reflect- 
ed in the cold Junction temperature quickly so that they 



do not affect temperature readings. 
[0053] The thermal RC time constant for thermal con- 
duction through the thermal barrier to the thermal mass 
and tube should be at least two orders of magnitude 
greater than the thermal RC time co nstant for the tem- 
perature response of the cold junction to heat trans- 
ferred to the tube and thermal mass. The RC time con- 
stant for conduction through the thermal barrier is made 
large by the large thermal resistance through the ther- 
mal barrier and by the large thermal capacitance of the 
thermal mass. The RC time constant for response of the 
cold junction is made low by the low resistance path to 
the cold junction through the highly conductive copper 
tube, can and thermal mass, and the low thermal capac- 
itance of the stack of beryllium oxide rings and pin con- 
ductors to the thermoplie. 

[0054] Although the cold junction capacitance is nat- 
urally low, there are size constraints in optimizing the 
thermal capacitance of the thermal mass, the thermal 
resistance through the thermal barrier and the Internal 
thermal resistance. Specifically, the external thermal re- 
sistance can be Increased by Increased radial dimen- 
sions, the capacitance of the thermal mass can be in- 
creased by Increasing Its size, and the thermal resist- 
ance through the longitudinal thermal path through the 
tube can be decreased by increasing its size. On the 
other hand, the size must be limited to permit the exten- 
sion to be readily positioned and manipulated within the 
ear. 

[0055] Besides the transfer of heat from the environ- 
ment, another significant heat flow path to the conduc- 
tive thermal mass is through leads to th e system. To min- 
imize heattransferthrough that path, the leads are kept 
to small diameters. Further, they are embedded in the 
plug 36 through bores 70; thus, any heat brought into 
the system through those leads is quickly distributed 
throughout the thermal mass, and only small changes 
in temperature and small gradients result. 
[0056] Because the temperature of the thermal mass 
is not controlled, and the response of the thermopile 28 
is a function of Its cold junction temperature, the cold 
junction temperature must be monitored. To that end, a 
thermistor is positioned at the end of a central bore 72 
in the plug 36. 

[0057] A schematic Illustration of the electronics in the 
housing 14, for providing a temperature readout on dis- 
play 1 6 in response to the signal from the thermopile, is 
presented In Fig. 6. The system is based on a micro- 
processor 73 which processes software routines includ- 
ed In read only memory within the processor chip. The ' 
processor may be a 6805 processor sold by Motorola. 
[0058] The voltage generated across the thermopile 
28 due to a temperature differential between the hot and 
cold junctions Is amplified In an operational amplifier 74. 
The analog output from the amplifier 74 is applied as 
one input to a multiplexer 76. Another input to the mul- 
tiplexer 76 is a voltage taken from a voltage divider R1 , 
R2 which is indicative of the potential V+ from the power 
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supply 78. A third input to the multiplexer 76 is the po- 
tential across a thermistor RT1 mounted in the bore 72 
of block 36. The thermistor RT1 is coupled in a voltage 
divider circuit with R3 across a reference potential VRef. 
The final inputto the multiplexer is a potential taken from 
a potentiometer R4 which may be adjusted by a user. 
The system may be programmed to respond to that ln : 
put in any of a number of ways. In particular, the poten- 
tiometer may be used as a gain control or as a DC offset 
control. 

[0059] At any time during the software routine of the 
microprocessor 73, one of the four Inputs may be se- 
lected by the select lines 78. The selected analog signal 
is applied to a multiple slope analog system 80 used by 
the microprocessor in an integrating analog-to-digital 
conversion 80. The subsystem 80 may be a TSC500A 
sold by Teledyne. It utilizes the reference voltage VRef 
from a reference source 82. The microprocessor 73 re- 
sponds to the output from the convertor 80 to generate 
a count indicative of the analog input to the convertor. 
[0060] The microprocessor drives four 7-segment 
LED displays B2 in a multiplexed fashion. Individual dis- 
plays are selected sequentially through a column driver 
84, and within each selected display the seven seg- 
ments are controlled through segment drivers 86. 
[0061 ] When the switch 22 on the housing is pressed, 
It closes the circuit from the battery 78 through resistors 
R5 and R6 and- diode D1 to ground. The capacitor C1 
is quickly charged, and field effect transistor T1 is turned 
op. Through transistor T1 , the V+ potential from the stor- 
age cell 7B is applied to a voltage regulator 88. The reg- 
ulator 88 provides the regulated +5 volts to the system. 
It also provides a reset sign ai to the microprocessor. The 
reset signal is low until the 45 volt reference is available 
and thus holds the microprocessor in a reset state. 
When the +5 volts is available, the reset signal goes 
high, and the microprocessor begins Its programmed 
routine. 

[0062] When the switch 22 is released, It opens Its cir- 
cuit, but a charge is maintained on capacitor C1 to keep 
transistor T1 on. Thus, the system continues to operate . 
However, the capacitor C1 and transistor T1 provide a 
very simple watchdog circuit. Periodically, the micro- 
processor applies a signal through driver 84 to the ca- 
pacitor C1 to recharge the capacitor and thus keep the 
transistor T1 on. If the microprocessor should fail to con- 
tinue Its programmed routine, It fails to charge the ca- 
pacitor C1 within a predetermined time during which the 
charge on C1 leaks to a level at which transistor T1 turns 
off. Thus, the microprocessor must continue In its pro- 
grammed routine or the system shuts down. This pre- 
vents spurious readings when the processor is not op- 
erating properly. 

[0063] With transistor T1 on, the switch 22 can be 
used as an input through diode D2 to the microproces- 
sor to Initiate any programmed action of the processor. 
[0064] In addition to the display, the system has a 
sound output 90' which is driven through the driver 84 



by the microprocessor. 

[0065] in order to provide an analog output from the 
detector, a digital-to-analog convertor 92 is provided. 
When selected by line 94, the convertor converts serial 
5 data oh line 96 to an analog output made available to a 
user. 

♦ [0066] ' In accordance with one aspect of the present 
invention, both calibration and characterization data re- 
quired for processing by the microprocessor may be 
10 stored in an electrically erasable programmable read 
only memory (EEPROM) 100. The EEPROM may, for 
example, be a 93c46 sold by internati onal CMOS Tech- 
nologies, Inc. The data may be stored in the EEPROM 
by the microprocessor when the EEPROM is selected 
15 by line 102. Once stored In the EEPROM, the data is 
retained even after power down. Thus, though electri- 
cally programmable, .once programmed the EEPROM 
serves as a virtually nonvolatiie memory. 
[0067] Prior to shipment, the EEPROM may be pro- 

20 grammed through the microprocessor to store calibra- 
tion data for calibrating the thermistor and thermopile. 
Further, characterization data which defines the person- 
ality of the infrared detector may be sto red. For example, 
the same electronics hardware, including the mlcroproc- 

25 gssor 73 and Its Internal program, may be used for a 
tympanic temperature detector in which the output is ac- 
curate in the target temperature range of about 15.56°C 
to 44.33°C (60°F to 110°F). Further, different modes of 
operation may be programmed into the system. For ex- 

30 ample, several different uses of the sound source 90 are 
available. 

[0068] Proper calibration of the detector is readily de- 
termined and the EEPROM Is readily programmed by 
means of an optical communication link which includes 

35 atransistorT2 associated with the display. As Illustrated 
in Fig. 7, a communication boot 104 may be placed over 
the end of the detector during a calibration/characteri- 
zation procedure. A photodiode in the boot generates a 
digitally encoded optical signal which Is filtered and ap- 

^0 piled to the detector T2 to provide an Input to the micro- 
processor 73. In a reverse direction, the microproces- 
sor, may communicate optically to a detector in the boot 
by flashing specific segments of the digital display 82. 
Through that communication link, an outside computer 

45 106 can monitor the outputs from the thermistor and 
thermopile and perform a calibration of the devices. A 
unit to be calibrated Is pointed at each of two black body 
radiation sources while the microprocessor 73-converts 
the signals and sends the values to the external com- 

so puter. The computer Is provided with the actual black 
body temperatures and ambient temperature in the con- 
trolled environment of the detector, computes calibra- 
tion variables and returns those variable to be stored in 
the detector EEPROM. Similarly, data which character- 

55 izes a particular radiation detector may be communicat- 
ed to the microprocessor for storage in the EEPROM. 
[0069] A switch 108 Is positioned behind a hole 109 
(Fig. 1) in the radiation detector so that it may be actu- 
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ated by a rigid metal wire or pin. Through that switch, 
the user may conitOi some specific mode of operation 
such as converting the detector from degrees Fahren- 
heit to degrees centigrade. That mode of operation may 
be stored by the microprocessor 73 In the EEPROM so 5 
that the detector continues to operate in a specific mode 
until a change is indicated by closing the switch 10B. 
[0070] A switch 1 08 may be provided either Internally 
or through the housing to the user to set a mode of op- 
eration of the detector. By positioning the switch at either 10 
the lock position, the scan position or a neutral position, 
any of three modes may be selected. The first mode Is 
the normal scan mode where the display is updated con- 
tinuously. A second mode is a lock mode where the dis- 
play locks after a selectable delay and then remains fro- 15 
zen until power is cycled or, optionally, the power-on but- 
ton is pushed. The sound source may be caused to 
sound at the time of lock. The third mode is the peak 
mode where the display reads the maximum value 
found since power-on until poweris cycled or, optionally, 20 
the power-on button is pushed. 
[0071] The processor determines when the voltage 
from the divider R1 , R2 drops below each of two thresh- 
olds. Below the higher threshold, the processor period- 
ically enables the sound source to indicate that the bat- 25 
tery is low and should be replaced but aliows continued 
readout from the display. Below the lowerthreshold, the 
processor determines that any output would be unrelia- 
ble and no longer displays temperature readings. The 
unit would then shut down upon release of the power 30 
button. 

[0072] To provide a temperature readout, the micro- 
processor makes the following computations: First the 
signal from thermistor RT1 is converted to temperature 
using a linear approximation. 35 
. Temperature is defined by a set of linear equations 

y = M(x - xo) + b 

. 40 

where x is an input and xo is an input end point of a 
straight iine approximation. The values of M, xo and b 
are stored in the EEPROM after calibration. Thus, to ob- 
tain a temperature reading from the thermistor, the mi- 
croprocessor determines from the values of xo the line 
segment in. which the temperature falls and then per- 
forms the computation for y based on the variables M 
and b stored in the EEPROM. 

[0073] A fourth power representation of the ambient 
temperature is then obtained by a lookup table in the 50 
processor ROM. The sensed radiation may be corrected 
using a calibration factor, a sensor gain temperature co- 
efficient, the detected ambient temperature and a cali- 
bration temperature stored in the EEPROM. The cor- 
rected radiation signal and the fourth power of the am- 55 
bient temperature are summed, and the fourth root is 
taken. The fourth root calculation is also based on a lin- 
ear approximation which is selected according to the 



temperature range of interest for a particular unit. Again, 
the break points and coefficients for each linear approx- 
imation are stored in the EEPROM and are selected as 
required. To the thus computed target temperature is 
added an adjustment factor which allows for a reading 
which closely corresponds to core temperature based 
on the knowledge of the relationship of core temperature 
to tympanic temperature. Aiso added to the calculated 
temperature is a user tweak obtained from resistor R4. 
[0074] An additional factor based on ambient temper- 
ature is included as an adjustment . The temperature of 
the ear T e which is sensed by the thermopile is not ac- 
tually the core temperature T c< There is thermal resist- 
ance between T c and T e . Further, there is thermal re- 
sistance between the sensed ear temperature and the 
ambient temperature. The result is a sensed tempera- 
ture T e which is a function of the core temperature of 
interest and the ambient temperature. Based on an as- 
sumed constant c which is a measure of the thermal re- 
sistances between T c , T e and T amb , core temperature 
can be computed as 

T - Tq " cT amb 

c " (1-c) 

This computation can account for a difference of from 
one-half to one degree between core temperature and 
sensed ear temperature, depending on ambient temper- 
ature. 

[0075] The actual computations performed by the 
processor are as follows, where: 



H 


is the radiation sensor signal 


He 


is corrected H (deg K 4 ) 


Tamb 


is ambient temperature (deg F) 


Taf 


is 4th power of Tamb (deg K 4 ) 


Tt 


is target temperature (deg F) 


Tz 


is ambient temp during cal (deg F) 


Td 


is the displayed temperature 


Rt 


is the thermistor signal 


Kh 


is a radiation sensor gain cal factor 


Zt 


is a thermistor zero cal factor 


Kt 


is a sensor gain temperature coefficient (%/ 




deg F) 


s 


is the Stefan-Boltzmann constant 


F 


is an adjustment factor 


Ut 


is a user tweak 



Tamb(deg F) = Thermistor lookup table (Rt) - Zt 
Hc(deg K 4 ) = Kh * H * (1 + Kt * (Tamb - Tz))/s 
Taf(deg K 4 ) = 4th power lookup table (Tamb) 
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Tt(deg F) = (He + Talf (Final lookup table) 
Tt(deg C) = (5/9) * (Tf(deg F) - 32) optional 



Td = Tt + F + Ut 

[0076] The following is a list of the Information which 10 
may be contained In the EEPROM and therefore be pro- 
grammable at the time of calibration: 

Radiation sensor offset 

Radiation sensor gain is 
Radiation sensor temperature coefficient 
Thermistor offset 

Ambient temperature at calibration 
Thermistor lookup table 

Final temperature lookup table 20 
Adjustment factor F 
Sound source functions: , . 

Beep at button push in lock mode 

none/20/40/80 milliseconds long 25 

Beep at lock 

none/20/40/80 milliseconds long 

Beep at power down so 
none/20/40/80 milliseconds long 

Beep at lowbattery 

none/20/40/80 milliseconds long 

interval 1/2/3 sec 35 

single/double beep 

Timeout functions: 

Time to power-down 40 
.5 to 128 sec in ,5 sec increments 

Delay until iock 

.5 to 128 sec In .5 sec increments 

45 

Other functions: ' 

Power-on button resets lock cycle 
Power-on button resets peak detect 
Display degrees C / degrees F so 
EEPROM "Calibrated" pattern to indicate that 
the device has been calibrated 
. EEPROM checksum for a self-check by the 
processor 

55 

[0077] Figs. 8A-BD provide a flowchart of the firmware 
stored In the microprocessor 73. From reset when the 
instrument is turned on, the system is initialized at 110 



and the contents of the EEPROM are read Into memory 
In the microprocessor at 112. At 114, the processor 
reads the state of power and mode switches in the sys- 
tem. At 116, the system determines whether a mode 
switch 113 has placed the system in a self -test mode. If 
not, all eights-are displayed on the four-digit display 82 
: t fo.r.a brief time. At 120, the system performs all A-to-D 
conversions to obtain digital representations of the ther- 
mopile output and the potentiometer settings through 
multiplexor 76. 

[0078] The system then enters a loop in which outputs 
dictated by the mode switch are maintained. First the 
timers are updated at 122 and the switches are again 
read at 124. When the power is switched off, from 126 
the system enters a power down loop at 12B until the 
system Is fully down. At 1 30, the mode switch Is checked 
and If changed the system is reset. Although not In the 
tympanic temperature detector, some detectors have a 
mode switch available to the user so that the mode of 
operation can be changed within a loop. 
[0079] At 132, 136 and 140, the system determines 
its mode of operation and enters the appropriate scan 
process 134, lock process 138 or peak process 142. In 
a scan process, the system updates the output to the 
current reading in each loop. In a lock process, the sys- 
tem updates the output but locks onto an output after 
some period of time. In the peak process, the system 
output is the highest Indication noted during a scan. In 
each of these processes, the system may respond to 
the programming from the EEPROM to perform any 
number of functions as discussed above. In the peak 
process which is selected for the tympanic temperature 
measurement, the system locks onto a peak measure- 
ment after a preset period of time. During assembly, the 
system may be set at a test mode 1 44 which will be de- 
scribed with respect to Fig. 8D. 
[0080] In any of the above-mentioned modes, an out- 
put is calculated at 146. Then the system loops back to 
step 122. The calculation 146 Is Illustrated in Fig. BB. 
[0081] At 148 in Fig. BB, the raw sensor data is ob-~ 
tained from memory. The sensor offset taken from the 
EEPROM is subtracted at 1 50, and the ambient temper- 
ature previously obtained from the potentiometer RT1 
is accessed at 152. The temperature coefficient adjust- 
ment is calculated at 154. At 156, the sensed signal is 
multiplied by the gain from EEPROM and by the tem- 
perature coefficient. At 158, the fourth power of the am- 
bient temperature is obtained, and at 1 60 it Is added to 
the sensor signal. At 162, the fourth root of the sum is 
obtained through a lookup table. Whether the display is 
in degrees centigrade or degrees Fahrenheit is deter- 
mined at 164. If in degrees centrigrade, a conversion is 
performed at 166. At 168, adjustment values, including 
that from the potentiometer R4, are added. 
[0082] Analog-to-Dlgltal conversion is performed pe- 
riodically during an Interrupt to the loop of Fig. 8A which' 
occurs every two milliseconds, The interrupt routine is 
Illustrated in Fig. BC. Timer counters are updated at 1 70. 
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A-to-D conversions are made from 1 72 only every 1 00 
milliseconds when a flag has been set in the prior inter- 
rupt cycle. During most Interrupts, an A/D conversion 
does not occur. Then, the 100-millisecond counter is 
checked at 174, and If the count has expired, a flag is 
set at 1 76 for the next interrupt. The flag is checked at 
178 and, if found, the display is updated at 180. The 
system then returns to'the main loop of Fig. 8A. 
[0083] Where the 1 00 millisecond flag Is noted at 1 72, 
an A-to-D conversion is to be performed. The system 
first determines at 182 whether a count Indicates there 
should be a conversion of the thermopile output at 1 84 
or a conversion of the the thermistor output at 1 B6. The 
thermopile sensor conversion is performed nine out of 
ten cycles through the conversion loop. At 1 88, the sys- 
tem checks to determine whether a conversion is made 
from the potentiometer R4 or from the battery voltage 
divider R1 , R2 at 192. These conversions are made al- 
ternately. 

[0084] Fig. 8D Illustrates the self-test sequence which 
is called by the mode switch 113 only during assembly. 
During the test, the beeper sounds at 1 82 and all display 
segments are displayed at 184. Then the system steps 
each character of the display from zero through nine at 
1 86. The system then enters a test loop. At J 88, the sys- 
tem senses whether the button 108 has been pressed. 
If so, a display counter Is incremented at 190. The dis- 
play for the unit then depends on the count of the display 
counter. With the zero count, the adjustment potentiom- 
eter value is displayed at 1 92. Thereafter, if the display 
counter is incremented by pressing the button 108, the 
raw sensor data is displayed. With the next increment, 
ambient temperature is displayed at 196, and with the 
next increment, the raw output from the ambient tem- 
perature sensor RT1 is displayed. With the next incre- 
ment, the battery voltage is displayed. After the test, the 
assembler sets the mode switch to the proper operating 
mode. 



Claims 

1 . An ear temperature detector, comprising: 

a housing (14); a probe (18) adapted to be in- 
serted into an ear and for passing radiation from 
the ear to a radiation sensor (2B); 
a temperature display (16) on the housing (14) 
for displaying ear temperature; and 
electronics in the housing (14) for converting 
radiation sensed by the sensor (28) to temper- 
ature displayed by the display (16); 



the housing (14). 

2. An ear temperature detector as defined in claim 1 
which does not comprise a temperature-controlled 

5 calibration unit. 

3. A temperature detector as defined in claim 1, 
wherein the radiation sensor (28) Is mounted in and 
thermally coupled to a thermally conductive mass 

10 (30,32,34) with a thermal barrier (40) surrounding 
the housing (14) and the outer thermal RC time con- 
stant forthermal conduction through the barrier (40) 
•to the mass (30,32,34) is at least two orders of mag- 
nitude greater than the inner thermal RC time con- 

15 stant for temperature response of the cold junction 
of the sensor (28) to heat transferred to the mass 
(30,32,34) through the thermal barrier (40). 

4. A temperature detector as defined in claim 3, 
20 wherein the inner thermal RC time constant is about 

14 second or less. 

5. A temperature detector as defined in claim 1, 
wherein the radiation sensor (2B) is a thermopile. 

25 

6. AJemperature detector as defined in claim 5, 
wherein the thermopile is mounted within a low con- 
ductivity gaseous environment, the environment 
extending through the length of a conductive tube 

30 (32) which guides radiation to the thermopile. 

7. A temperature detector as defined in claim 5 or 
claim 6, 

wherein the cold junction of the thermopile is 
35 allowed to follow ambient temperature. 

8. A Temperature detector as defined in any preceding 
claim, which provides a display of ear temperature 
within five seconds of inserting the extension (18) 

40 into the ear. 

9. A temperature detector as defined in any preceding 
claim, further comprising a removable plastic sheet 
(42) stretched over the end of the extension (18). 

45 

10. A temperature detector as defined in claim 9. 
wherein the sheet (42) has holes (48,50) at opposite 
ends thereof which are positioned over posts 
(52,54) on the sides of the extension (1 8) to retain 

so the sheet (42) on the extension (18). 

11. A temperature detector as defined in claim 9 or 10, 
further comprising a tape of plastic sheets (42), in- 
dividual sheets (42) being adapted to be torn from 
the tape and stretched over the end of the extension 
(18). 

1 2. A temperature detector as defined in any preceding 



characterised in that the electronics include 
a radiation peak detector such that a peak temper- 55 
ature is displayed with rotation of the probe (18) in 
an ear; the housing (14) is adapted to be held by 
hand; and the probe .(1 8) is an extension (1 8) from 
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claim, wherein the extension (1 8) extends at an an- 
gle of about 15 degrees from the orthogonal direc- 
tion from an end of the housing (14), the extension 
(18) increasing in diameter along its length from its 
distal end. < 

13. A temperature detector as defined in any preceding 
claim, wherein the electronics provide the temper- 
ature displayed on the display (16) as a function of 
the received radiation compensated to provide a 11 
core temperature approximation. 

1 4. A temperature detector as defined in any preceding 
claim, further comprising a processor for providing 
the temperature displayed on the display (1 6) as a 1£ 
function of the received radiation compensated by 

an indication of ambient temperature to provide an 
internal body temperature approximation. 

1 5. A temperature detector as defined in any preceding 20 
claim, wherein the electronics comprise an optical 
signal detector (T2) for receiving a digital input, an 
electrically erasable programmable read only mem- 
ory (1 00), and a processor (73) programmed to re- 
spond to input from the optical signal detector (T2) 25 
to store information in the memory (10Q).andto use 

the stored information to respond to radiation 
sensed by the radiation sensor (28) to drive the dis- 
play (16). 

30 

16. A method of determining eartemperature, compris- 
ing the steps of: 

providing a radiation detector comprising an ex- 
tension (1 8) for passing infrared radiation from 35 
an external target to a sensor (28) and electron- 
ics for converting the radiation sensed by the 
sensor (28) to temperature; 
inserting the extension (18) into an ear; and 
detecting the radiation; 40 

characterised in that the method further 
comprises the step of pivoting or rotating the exten- 
sion (1 8) to scan an ear canal, the sensor (28) sens- 
ing radiation during scanning, and determining the 45 
peak radiation sensed by the sensor (28) and con- 
verting the peak radiation sensed to a peak ear tem- 
perature. 

50 

Patentanspruche 

1. Ohrtemperaturdetektor mit 

einem Gehause (14); einer Sonde, die dafur aus- 
gelegt ist, in ein Ohr eingefuhrt zu werden und urn 55 
Strahlung von dem Ohrzu einem Strahlungssensor 
(28) zu fuhren; 

einer Temperaturanzeige (16) an dem Gehause 
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(14) zum Anzeigen der Ohrtemperatur; und 
Elektronik in dem Gehause (14) zum Umwandein 
der durch den Sensor (28) aufgenommenen Strah- 
iung in eine durch die Anzeige (1 S) angezeigteTem- 

> peratur; 

dadurch gekennzeichnet, 
dass -die, Elektronik einen Strahlungsspltzenwert- 
detektor umfasst, so dass eine Spitzentemperatur 
angezeigt wird bel Rotation der S onde (1 8) in einem 

:; Ohr, wobei das Gehause (14) daau ausgelegt ist, In 
der Hand gehalten zu werden und die Sonde (18) 
eine Erwelterung (18) des Gehauses (14) ist, 

2. Ohrtemperaturdetektor nach Anspruch 1 , 

der keine temperaturgesteuerte Kalibrierungsein- 
heft aufweist. 

3. Temperaturdetektor nach Anspru ch 1 , 

bel dem der Strahlungssensor (28) angebracht ist 
inundthermisch gekoppeltistan einethermisch lei- 
tende Masse (30, 32, 34) mit einer thermischen Bar- 
here (40), die das Gehause (14) urngibt, und die au- 
Bere thermische RC-Zeltkonstante fur die thermi- 
sche Leitung durch die Barriere (40) zur Masse (30, 
32, 34) mindestens zwei GroGenordnungen groBer 
ist als die innere thermische RC-Zeitkonstante fur 
die Temperaturantwort des kalten Knotens des 
Sensors (28) auf Warme, die von der Masse (30, 
32, 34) durch die thermische Barriere (40) ubertra- 
gen wird. 

4. Temperaturdetektor nach Anspruch 3, 

bel dem die innere thermische RC-Zeitkonstante 
ungefahr eine halbe Sekunde oder weniger ist. 

5. Temperaturdetektor nach Anspruc h 1 , 

bei dem der Strahlungssensor (28) eine Thermo- 
saule ist. 

6. Temperaturdetektor nach Anspruch 5, 

bei dem die Thermosaule innerhalb einer niedrig 
leitenden Gasatmosphare angebracht ist, wobei die 
Atmosphare sich uber die Lange einer leitenden 
Rohre (32) erstreckt, welche die Strahlung zur 
Thermosaule fuhrt. 

7. Temperaturdetektor nach Anspruch 5 oder 6, 

bei dem es dem kalten Knoten der Thermosaule ge- 
stattet ist, der Umgebungstemperatur zu fotgen. 

8. Temperaturdetektor nach einem dervorherigen An- 
spruche, 

der eine Anzeige der Ohrtemperatur innerhalb von 
funf Sekunden nach dem Einfuhren der Erwelte- 
rung (1 8) in das Ohr vorsieht. 

9. Temperaturdetektor nach einem dervorherigen An- 
spruche, der zudem eine entfernbare Plastikhulle 
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(42) aufweist, die uber das Ende der Erweiterung 
(18) gezogen ist. 

10. Temperaturdetektor nach Anspruch 9, 

bei dern die Hulle (42) Locher (48, 50) an den ein- s 
ander gegenuberliegenden Enden hat, die uber 
Pfosten (52, 54) auf den Selten der Erweiterung 
(18) posltioniert sind, urn die Hulle (42) an der Er- 
welterung (1B) festzuhalten. 

10 

11. Temperaturdetektor nach Anspruch 9 oder 10, 
der zudem eln Band von Plastikhullen (42) aufweist, 
wobei elnzelne Hullen (42) derart ausgelegt sind, 
urn von den Band abgezogen zu werden und uber 
das Ende der Erweiterung (18) gezogen zu werden. is 



Sensor (28) und von Elektronlk zum Umwan- 
deln der durch den Sensor (28) aufgenomme- 
nen Strahlung In Temperatur; 
Elnfuhren der Erweiterung (1 8) in das Ohr; und 
Detektieren der Strahlung; 

dadurch gekennzeichnet, 
dass das Verfahrenferner den Schrlttdes Drehens 
oder Rotierens der Erweiterung (18) aufweist, um 
einen Ohrkanal abzutasten, wobei der Sensor (2B) 
wahrend des Abtastens Strahlung aufnlmmt sowie 
des Bestimmens der von dem Sensor. (28) aufge- 
nommenen Spitzenstrahlung und die Umwandlung 
der aufgenommenen Spitzenstrahlung in eine Ohr- 
spitzentemperatur. 



12. Temperaturdetektor nach einem dervorherigen An- 
spruche, be! dem die Erweiterung (1 B) sich in einem 
Winkel von- ungefahr 15° von der orthogonalen 
Richtung von einem Ende des Geh§uses (14) er- 20 
streckt, wobei die Erweiterung (18) in ihrem Durch- 
messer entlang seiner Lange von seinem teilenen- 
dezunimmt. 

13. Temperaturdetektor nach einem dervorherigen An- 25 
spruche, bei dem die Elektronlk die auf der Anzeige 
(16) angezeigte Temperatur als eine Funktion der 
kompensierten erhaltenen Strahlung bereitstellt, 

um eine Kerntemperaturabschatzung bereitzustel- 
len. . 30 

14. Temperaturdetektor nach einem der vorhergehen- 
den Anspruche mlt zudem einem Prozessor zum 
Bereitstellen der auf der Anzeige (16) angezeigten 
Temperatur als Funktion der kompensierten erhal- 35 
tenen Strahlung durch Markieren der Umgebungs- 
temperatur, um eine interne Korpertemperaturab- 
schatzung bereitzustellen. 

1 5. Temperaturdetektor nach einem der vorherigen An- 40 
spruche, bei dem die Elektronlk aufweist elnen op- 
tischen Signaldetektor (T2) zum Empfang eines di- 
gltalen Eingangssignals, einen elektrisch loschba- 

ren programmierbaren Nur-Lese-Speicher (100) 
und einen Prozessor (73), der dazu programmiert 45 
ist. auf Eingangssignalevon demoptischen Signal- 
detektor (T2) zu antworten, um Informationen in 
dem Speicher (100) zu speichern und die gespei- 
cherte Information dazu zu verwenden, auf die von 
dem Strahlungssensor (28) aufgenommene Strah- so 
lung zum Betrelben der Anzeige (1 6) zu antworten. 

16. Verfahren zum Bestimmen der Ohrtemperatur mit 
den Verfahrensschrltten: 

55 

Bereitstellen eines Strahlungsdetektors mit ei- 
ner Erweiterung (18) zum Lelten infraroter 
Strahlung von einem externen Ziel auf elnen 



Revendications 

1. Detecteur de temperature de I'orellle, comportant : 

un boTtier-(14) ; une sonde (18) concue pour 
etre introduce dans une orellle et pour faire 
passer un rayonnement depuis Poreille a un 
capteur (28) de rayonnement ; 
un afficheur (16) de temperature sur le boitier 
(14) pour afflcher la temperature de I'oreille ; et 
un ensemble electronique dans le boitier (14) 
pour convertir un rayonnement capte par le 
' capteur (28) en une temperature affichee par 
l'afficheur (16) ; 

caracterise en ce que I'ensemble electroni- 
quecomprend un detecteur de pic de rayonnement 
tel qu'une temperature de pic est affichee avec une 
rotation de la sonde (18) dans une oreille ; le boitier 
(14) est con<?u pour etre tenu a la main ; et la sonde 
(1 8) est un embout (1 8) du boitier (14). 

2. Detecteur de temperature de ToreiHe selon lareven- 
dication 1 , qui ne comporte pas d'unite d'etaionna- 

: ge commandee en temperature. 

3. Detecteur de temperature selon la revendication 1 , 
dans lequel le capteur (28) de rayonnement est 
monte dans, en couplage thermique avec, une mas- 
se (30, 32, 34) conductrlce de la chaleur avec une 
barriere thermique (40) entourant le boitier (14), et 
la constante de temps RC thermique exterieure 
pour une conduction thermique a travers la barriere 
(40) vers la masse (30, 32, 34) est superieure d'au 
moins deux ordres de grandeur & la constante de 
temps RC thermique interieure pour une reponse 
de temperature de la j'onction f roide du capteur (28) 
a de la chaleur transmise a la masse (30, 32, 34) a 
travers la barriere thermique (40). 

4. Detecteur de temperature selon. la revendication 3, 
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dans lequel la constante de temps RC thermique 
interieure est d'environ 0,5 seconde ou moins. 

5. Detecteur de temperature selon la revendicatlon 1 , 
dans lequel le capteur (28) de rayonnement est une s 
thermopile. 

6. Detecteur de temperature selon la revendicatlon 5, 
dans leque! la thermopile est montee a I'interieur 
d'un environnement gazeux a fafble conductivity 10 
I'envlronnement s'etendant sur la longueur d'un tu- 
be conducteur (32) qui guide un rayonnement vers 

la thermopile, 

7. Detecteur de temperature selon la revendicatlon 5 is 
ou la revendicatlon 6, dans lequel il est permls a la 
jonction froide de la thermopile de sulvre ia tempe- 
rature ambiante. 

8. Detecteur de temperature selon Tune quelconque so 
des revendications precedentes, qui produit un af- 
fichage-de la temperature de I'oreille dans les-cinq 
secondes sulvant ('Introduction de Pembout (18) 
dans I'oreille. 

25 

9. Detecteur de temperature selon I'une quelcofique 
des revendications precedentes, comportant en 
outre une feullle amovible (42) en matiere plastique 
tendue sur Pextremlte de Pembout (1B). 

30 

10. Detecteur de temperature selon la revendication 9, 
dans leque! la feullle (42) presente des trous (48, 
50) ases extremitesopposees, qulsontposltionnes 
au-dessus d'ergots (52, 54) sur les cotes de I'em- 
bout (18) pour retenir la feullle (42) sur Pembout 35 
(18). 

11. Detecteur de temperature selon la revendication 9 
ou 10, comportant en outre une bande de feullles 
(42) de matiere plastique, des feullles individuelles *o 
(42) etant concues pour §tre dechlrees de la bande 
ettendues sur Pextremlte de Pembout (1B), 

12. Detecteur de temperature selon Tune quelconque 
des revendications precedentes, dans lequel Pern- 45 
bout (1 8) s'etend en formant un angle d'environ 15° 
par rapport a la direction orthogonale partant d'une 
extremlte du boTtier (14), Pembout (18) augmentant 

le diarnetre sur sa longueur a partir de son extremlte 
distale. so 

13. Detecteur de temperature selon Pune quelconque 
des revendications precedentes, dans lequel Pen- 
semble eiectronique fournlt la temperature affichee 
•sur Pafficheur (16) en fonction du rayonnement re- ss 
cu, connpensee pourfournir une approximation de 

la temperature de coeur. 
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14. Detecteur de temperature selon Pune quelconque 
des revendications precedentes, comportant en 
outre un processeur destine & fournir la temperatu- 
re affichee sur Pafficheur (16) en fonction du rayon- 
nement recu compensee" par une indication de la 
temperature ambiante pourfournir une approxima- 
tion de la temperature corporelle Interne. 

15. Detecteur de temperature selon Pune quelconque 
des revendications precedentes, dans lequel Pen- 
semble eiectronique comporte un detecteur (T2) de 
signal optlque destine a recevoir un signal d'entree 
numerlque, une mernolre morte programmable et 
effacable eiectriquenient (100), et un processeur 
(73) programme pour reagir a un signal d'entree 
provenant du detecteur (T2) de signal optlque en 
stockant une information dans la memqire (100) et 
en utlllsant Pinformatlon stockee pour reagir a un 
rayonnement capte par le capteur (28) de rayonne- 
ment en attaquant Pafficheur (16) . 

16. Procede de determination de la temperature de 
Porellle, comprenant les etapes dans lesquelles : 

on utilise un detecteur de rayonnement com- 
portant un embout (1 8) destine a faire passer 
un rayonnement infrarouge d'une cibie exte- 
rieure a un capteur (28) et un ensemble eiec- 
tronique destine a convertir le rayonnement 
capte par le capteur (28) en une temperature ; 
on Introduit Pembout (18) dans une orellle ; et 
on detecte le rayonnement ; 

caracterise en ce que le procede comprend 
en outre Petape consistant^faire plvoter ou tourner 
Pembout (18) pour explorer un canal aurjculaire, le 
capteur (28) captant un rayonnement pendant Pex- 
ploratlon, et on determine le rayonnement de pic 
capte par le capteur (28) et on convertlt le rayonne- 
ment de pic capte en une temperature de pic de 
Porellle. 
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FIG. 4 
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